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Background/Purpose: Slower gait speed is a good predictor of falls, dependency, disability, and mortality.
However, the cutoff point of the gait speed to best predict the bad outcomes is controversial. The purpose
of this study was to determine the cutoff point of gait speed that best predicts Instrumental Activities of
Daily Living (IADL) dependency.
Methods: The study targeted 8000 people aged  65 years who had been enrolled in 2008 and followed
up in 2011 for the Living Proﬁles of Older People Survey in Korea. The population was divided into an
independent group and a dependent group with 2011 Korean Instrumental Activities of Daily Living (K-
IADL) scores of 10 and  11, respectively. The gait speed was measured as the time taken to walk 2.5 m at
a usual pace without any help, and the best result of two trials was chosen for analysis.
Results: The area under the curve was highest (0.642) at gait speed of 0.6 m/s, with a sensitivity and
speciﬁcity of 68.44% and 55.09%, respectively. The dependency hazard ratio of IADL was statistically
signiﬁcant in the group with gait speed less than 0.6 m/s, 1.974 (95% conﬁdence interval, 1.646e2.367).
The dependency hazard ratio of IADL was also statistically signiﬁcant in the same group after adjusting
for all relevant variables, 1.613 (95% conﬁdence interval, 1.332e1.955).
Conclusion: The gait speed of 0.6 m/s may be considered as the new standard of a screening tool to
predict IADL dependency in Korean people aged  65 years.
Copyright © 2016, Asia Paciﬁc League of Clinical Gerontology & Geriatrics. Published by Elsevier Taiwan
LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).1. Introduction
The population of Korea is aging very rapidly, and the quality of
life for the elderly population is very important. In the elderly
population, maintaining functional independence is an important
factor to their quality of life. Functional independence is closely
related to age, disability, disease, cognitive disorder, and physical
performance. Walking is an essential component of physicaldicine, Kyung Hee University
, Seoul 130-872, South Korea.
n).
inical Gerontology & Geriatrics. Pub
d/4.0/).performance. Moreover, gait speed is the most important and
simplest measure to evaluate walking that can be easily used in the
clinic.1
One study reported a lower incidence of falls in people aged 
80 years with gait speed 1m/s compared to thosewith gait speed
< 0.5 m/s.2 Another study reported gait speed below 1 m/s as a
high-risk factor for various diseases.3,4 Slower gait speed is a good
predictor of falls, dependency, disability, and mortality. Gait speed
has been also suggested as a good cutoff point to predict de-
pendency or disability.
There have been various studies conducted to measure de-
pendency. One of the tools that have been frequently used in pre-
vious studies is ADL. In Western countries, 1 m/s has beenlished by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND
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dependency.5e7 However, for community-dwelling elderly, Instru-
mental Activities of Daily Living (IADL) is more important than the
ADL. Using gait speed to predict the IADL is a new approach.
Therefore, the authors aimed to ﬁnd out the cutoff point of gait
speed to predict dependency in IADL scale with the hypothesis that
older people with slower gait speed would have decreased IADL.
2. Methods
2.1. Participants
The data of 2008 and 2011 Korean Older People Surveys were
used for this study. The Korean Older People Survey is conducted
every 3 years among people aged  60 years living in Korea to
collect basic data and indices required to establish policies for older
people.
Older people who participated in the 2008 Older People Survey
were ﬁrst screened for survival and residence. Then, trained sur-
veyors visited them at their places of residence to conduct ques-
tionnaires on their general characteristics, health condition, and
living environment. Of the 15,148 older people who participated in
the 2008 and 2011 Korean Older People Surveys, older people aged
< 65 years at the time of the survey in 2008 (n¼ 3061), thosewith a
history of falls (n ¼ 186), and those who did not respond to any of
the 2011 K-IADL items (n ¼ 3905) were excluded, leaving a total of
8000 older people (Figure 1).
2.2. Study tools and methods of measurement
2.2.1. Sociodemographic characteristics and variables
A total of 8000 participants were divided into two groups ac-
cording to the K-IADL score in 2011: those with a score of 10
(complete independence in all items) and thosewith a score of 11
(partial dependence in 1 or more items). The sociodemographic
characteristics of the two groups included age, sex, body mass in-
dex, marital status, educational level, occupational status, income
level, smoking, alcohol intake, and exercise. The possible set of
variables that may affect daily living and gait were considered to be
grip strength, morbidity (depressive symptoms, degree of dementia
and cognitive dysfunction, incontinence, visual disturbance, audi-
tory disturbance, arthralgia, fracture, history of falls), and sleep (use
of sedatives, depth and duration of sleep).
2.2.2. Gait speed
The participants were asked to walk 2.5 m at their usual pace,
and the time taken to walk the distance was measured twice and
used as the gait speed. The participants were asked to stand on both<65 y in 2008: n = 3061 
Fall: n = 186
K-IADL non-responders: n = 3905
Excluded information 
Figure 1. Flowchart of included and excluded participants through the study.feet at the starting point, and walk past the ending point at a usual
pace; the assessor measured the time taken to walk between two
points. This process was performed twice, the speed was calculated
using 2.5 m as the distance and the time taken, and the shortest
time taken was chosen for evaluation.4,8,9
2.2.3. IADL evaluation
The Korean Instrumental Activities of Daily Living (K-IADL) scale
measures the ability of an individual to perform basic activities of
daily living. The assessor asks a series of questions about personal
hygiene and grooming housekeeping, preparing meals, doing
laundry, managing medication, keeping track of ﬁnances, trans-
portation within the community, handling changes, ability to use
the telephone, using transportation, and digitizes the answers on a
scale of 1e3, where 1 ¼ complete independence, 2 ¼ partial
dependence, and 3 ¼ complete dependence.
Trained surveyors visited each participant at home and applied
K-IADL. K-IADL is calculated using 10 items: personal hygiene and
grooming, housekeeping, preparing meals, doing laundry, taking
medications as prescribed, handling ﬁnances, transportationwithin
the community, handling change, ability to use the telephone, and
use of transportation. Each item was categorized into complete
independence, partial dependence, and complete dependence and
analyzed.
2.3. Ethics statement
This study was approved by the Institutional Review Board of
Kyung Hee University Hospital, Seoul, Korea (approval ID: KMC IRB
1608-07).
2.4. Statistical analysis
The population was divided into a 10-point group and an  11-
point group according to the K-IADL scale, and the groups were
assessed for their baseline characteristics and compared using in-
dependent t test for continuous variables, and Chi-square test and
Fisher's exact test for categorical variables. Receiver operating
characteristic (ROC) analysis was also performed for gait speed. The
population was divided into groups by gait speed 0.1 m/s, and the
ROC curve was calculated for each group according to the decrease
in K-IADL, and the optimal cutoff point whose sensitivity and
speciﬁcity were both high. Multiple regression analysis was per-
formed to compensate for the variables that presented signiﬁcant
differences in univariate analysis, and the backward method was
applied for variable selection. The statistical analysis was per-
formed using SPSS Statistics (version 18; IBM Corporation, Armonk,
NY, USA). All statistical analyses with p < 0.05 were deemed sta-
tistically signiﬁcant.
3. Results
3.1. Sociodemographic characteristics and variables
The population was divided into complete independence group
(n ¼ 6739; 84%) and dependence group (n ¼ 1261; 16%). The mean
ages of the complete independence group and the dependence
group were approximately 71 years and 75 years, respectively. The
ratio of men was 42.2% and 32.0% in the complete independence
and dependence group, respectively. There was a difference in the
ratios of participants exercising at least 150 minutes a week, with
that for the complete independence group being 7.1% and that for
the dependence group being 2.1%. The ratio of participants com-
plaining of depressive symptoms in 2011 was 25.2% and 46.7% in
the complete independence and the dependence group,
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(p < 0.001). In addition, the ratios of incontinence, visual distur-
bance, and auditory disturbance were higher in the dependence
group. The ratio of incontinencewas 3.6% and 11.3% in the complete
independence and dependence group, respectively; the ratio of
visual disturbance was 13.8% and 21.6% in the complete indepen-
dence and dependence group, respectively; and the ratio of audi-
tory disturbance being 9.1% and 17.6% in the complete
independence group and the dependence group, respectively. Body
mass index, marital status, residence, educational level, working
environment, income level, alcohol intake, smoking, grip strength,
IADL score in 2008, level of cognitive function, and depth and
duration of sleep were compared for analysis. All items other than
residence and duration of sleep showed statistically signiﬁcant
differences, and adjustment for major variables was required
(Table 1).Figure 2. The association between gait speed and 3-year later dependency in the
Korean Instrumental Activities of Daily Living.3.2. Association between gait speed and K-IADL dependency
Gait speed measured in 2008 was divided by 0.1 m/s intervals,
and the percentage of the K-IADL dependency group from 0.3 m/s
to 1.5 m/s was calculated (Figure 2). The percentage of older people
with a dependent lifestyle was highest (~23%) in the 0.4 m/s group,Table 1
Baseline characteristics of participants in year 2008 according to 3-year later dependency in K-IADL.
Variables K-IADL (2011) Total
(n ¼ 8000)
p*
10
(n ¼ 6739)
11
(n ¼ 1261)
Age (y) 71.91 ± 5.10 75.92 ± 6.43 72.54 ± 5.53 <0.001
Sex Male 2841 (42.2) 404 (32.0) 3245 (40.6) <0.001
BMI 23.61 ± 3.15 23.55 ± 3.87 23.61 ± 3.26 0.625
Gait speed 0.68 ± 0.24 0.56 ± 0.23 0.66 ± 0.24 <0.001
Exercisea 150 min 479 (7.1) 27 (2.1) 506 (6.3) <0.001
Spouse Yes 4256 (63.2) 629 (49.9) 4885 (61.1) <0.001
Education <7 y Yes 4875 (72.3) 1067 (84.6) 5942 (74.3) <0.001
Employment, working Yes 2519 (37.4) 247 (19.6) 2766 (34.6) <0.001
Household incomeb >679,000 KRW 1832 (27.2) 175 (13.9) 2007 (25.1) <0.001
Residential area Local 3956 (58.7) 745 (59.1) 4701 (58.8)
Smokingc Yes 927 (13.8) 142 (11.3) 1069 (13.4) 0.017
Alcohold <0.001
In past year, none, & <1/mo 4745 (70.4) 1023 (81.1) 5768 (72.1)
1/mo & 2e4/mo 879 (13.0) 88 (7.0) 967 (12.1)
2/2 wk 1111 (16.5) 148 (11.7) 1259 (15.7)
K-IADL (2008) 11 1225 (18.2) 685 (54.3) 1910 (23.9) <0.001
Depressione 8 1767 (26.2) 589 (46.7) 2356 (29.5) <0.001
MMSE 23.80 ± 3.97 20.53 ± 5.15 23.29 ± 4.34 <0.001
Incontinence Yes 241 (3.6) 143 (11.3) 384 (4.8) <0.001
Visual impairment Yes 931 (13.8) 272 (21.6) 1203 (15.0) <0.001
Hearing impairment Yes 614 (9.1) 222 (17.6) 836 (10.5) <0.001
Fracture 134 (2.0) 43 (3.4) 177 (2.2) 0.002
Grip strength 22.84 ± 9.18 16.83 ± 9.07 21.89 ± 9.42 <0.001
No. of comorbiditiesf 2011 <0.001
0 1735 (25.7) 200 (15.9) 1935 (24.2)
1 2298 (34.1) 393 (31.2) 2691 (33.6)
2þ 2706 (40.2) 668 (53.0) 3374 (42.2)
Knee pain Yes 3579 (53.1) 829 (65.7) 4408 (55.1) <0.001
History of fall in 1 y Yes 932 (13.8) 293 (23.2) 1225 (15.3) <0.001
High quality sleep None in 7 d 683 (10.1%) 196 (15.5%) 879 (11.0%) <0.001
Sleeping time (1 wk) 392.74 ± 93.99 394.79 ± 107.99 393.06 ± 96.32 0.528
Data are presented as n (%) or mean ± standard deviation.
* The results of all Chi-square tests and analysis of variance were signiﬁcant (p < 0.05), except that for smoking (p ¼ 0.628).
BMI ¼ body mass index; KIADL ¼ Korean Instrumental Activities of Daily Living; KRW ¼ Korean Won; MMSE ¼ mini-mental status examination.
a 150 minutes per week or more.
b Equivalent upper three quartile of total personal monthly household income.
c Current smoker.
d At least 1 day per month.
e Depressive symptoms: no less than 8 points in short form of Geriatric Depression Scale.
f Number of comorbid conditions is 2 or over (hypertension, stroke, hyperlipidemia, coronary heart disease, diabetes mellitus, arthritis, osteoporosis, back pain, fracture,
pulmonary emphysema or chronic bronchitis, thyroid disease, liver disease, chronic renal failure, and cancer).
Table 2
Gait speed cutoff point to predict K-IADL and sensitivity and speciﬁcity of cutoff
point.
Gait speed cutoff point 0.6 m/s
Sensitivity 68.44 (64.80e71.90)
Speciﬁcity 55.09 (53.70e56.50)
Data are presented as % (range).
K-IADL ¼ Korean Instrumental Activities of Daily Living.
Table 3
Hazard ratios [95% conﬁdence interval (CI)] for association between cutoff point of
gait speed and K-IADL.
Gait speed Adjusted HR 95% CI p
0.6 m/s (reference group) 1
<0.6 m/s
Model 1a 1.974 1.646e2.367 <0.001
Model 2b 1.613 1.332e1.955 <0.001
HR ¼ hazard ratio; K-IADL ¼ Korean Instrumental Activities of Daily Living;
MMSE ¼ mini-mental status examination.
a Model 1: adjusted for age and sex.
b Model 2: Model 1 þ adjusted for employment, household income, alcohol,
smoking, hand grip, MMSE, depression, K-IADL (2008), comorbidity, incontinence,
history of falls, visual impairment, fracture, hearing impairment, knee pain, and
sleep characteristics.
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in this study whether there was a tendency for increasing rate of
independent ADL with increasing gait speed in older people with
gait speed 1 m/s. However, there was a deﬁnite inverse correlation
between gait speed and the ratio of older people with dependent
ADL in the groups with gait speed below 1 m/s.
3.3. Assessment of K-IADL in relation to gait speed and optimal
cutoff point of gait speed
Gait speed measured in 2008 was classiﬁed by 0.1-m/s intervals
to identify the number in the K-IADL dependency group, and
calculate the sensitivity and speciﬁcity for each gait speed group.
The ROC curve was drawn to evaluate the optimal cutoff point of
gait speed to predict the rate of K-IADL dependency (Figure 3). The
peak optimal point was at 0.642 area under the curve in the 0.6 m/s
group, with 68.44% sensitivity and 55.09% speciﬁcity. The result of
ROC analysis revealed 0.6 m/s as the optimal cutoff point (Table 2).
3.4. Identiﬁcation of hazard ratio based on the gait speed cutoff
point
Using gait speed 0.6 m/s as the cutoff point, Table 3 compares
the hazard ratio dependent on K-IADL of participants with less than
0.6m/s gait speed and participants with 0.6m/s or faster gait speed.
Sociodemographic characteristics presented signiﬁcant differences
in various factors between the complete independence group and
the dependence group, and relevant confounders were adjusted.
Model 1 represents the hazard ratio after adjusting for age and sex
through multiple regression analysis and backward variable se-
lection. Model 2 was analyzed after adjusting for all factors that
presented signiﬁcant differences including age and sex (marital
status, educational level, working environment, income level,
alcohol consumption, smoking, exercise, degree of depression,
cognitive disorder, incontinence, visual disturbance, auditory
disturbance, pain, fracture, sedative, degree of sleep, history of
fracture, etc.). The groups in both Model 1 and Model 2 with lessFigure 3. ROC curve of gait speed and area under the curve (AUC) predicting Korean
Instrumental Activities of Daily Living (K-IADL).than 0.6 m/s gait speed exhibited statistically signiﬁcant ADL haz-
ard ratios of 1.974 (95% conﬁdence interval, 1.646e2.367) and 1.616
(95% conﬁdence interval, 1.331e1.962), respectively (Table 3).
4. Discussion
The importance of a screening test that can predict medical
problems related to aging is being stressed more andmorewith the
rapid increase in the elderly population all over the world. Many
studies have been conducted recently to investigate gait speed in
older people as a simple and inexpensive screening tool.
There have been other studies that investigated the correlation
between gait speed and ADL dependency. In 1997, Ho et al10
measured gait speed of community-dwelling Asians (in Hong
Kong) aged  70 years over 2.5 m and evaluated the correlation
between gait speed and ADL 18 months after the measurement
(odds ratio ¼ 1.12). In another study in 1999, Ostir et al11 measured
the gait speed of community-dwelling Mexican Americans aged 
65 years over 2.5 m and evaluated the correlation between gait
speed and ADL 2 years after the measurement (> 0.8 m/s vs. 0.3 m/
s; odds ratio ¼ 5.4). Other studies evaluated gait speed, ADL de-
pendency, and disorders using ADL.12 In comparison with other
studies, we used the standard age for deﬁning older people and
ﬁner range of gait speed of 0.1 m/s for analysis, and evaluated the
dependency in daily activities using IADL, which evaluates the
requisite life pattern of daily activities of older people inmore detail
compared with ADL.
The mean gait speed of the study participants, who repre-
sented Korean community-dwelling older people, was deter-
mined to be 0.66 m/s. Liang et al2 reported the mean gait speed of
Taiwanese community-dwelling older people as 0.75 m/s. How-
ever, they measured the gait speed over 6 m and targeted older
people aged  80 years. Taking the differences in the walking
distance and the age group into consideration, it can be concluded
that there is no signiﬁcant difference in the mean gait speed be-
tween the older people of the two countries. Other studies that
targeted the Western population residing in the community re-
ported themean gait speed of 0.88e0.96m/s over 4m.13 Themean
gait speed of this study can be converted to 0.7 m/s when using
S. Hong et al. / Journal of Clinical Gerontology & Geriatrics 7 (2016) 141e145 145the 4e2.5 m conversion formula.5 This ﬁnding indicates that older
Korean people have a slower mean gait speed than their Western
counterparts, and calls for a new standard of gait speed in Korean
older people.
The optimal gait speed cutoff point that predicts IADL de-
pendency in older Korean people has not been established. Several
Western studies reported the optimal cutoff point that predicts ADL
dependency as 0.7 m/s5 or 0.8 m/s.6,7 The optimal gait speed cutoff
point that predicts K-IADL dependency 3 years after the measure-
ment was found to be 0.6 m/s in this study. This suggests that gait
speed below 0.6 m/s may be a risk factor for high dependency in
daily activities. The result of this studymay be used as an important
factor when screening elderly patients in primary care clinics.
There are several limitations in this study. First, many previous
studies measured gait speed over 4 m excluding the acceleration
phase.14 However, this study measured the gait speed over 2.5 m
from the starting point. Gait speed was highly dependent on dis-
tance, inclusion of acceleration phase or deceleration phase, and
use of walking aid (cane, walker). There is no international
consensus over the method of measuring gait speed.5,15 Most of the
previous studies measured gait speed over 4 m, not including the
acceleration and deceleration phases. However, we measured the
gait speed over 2.5 m including the acceleration and deceleration
phases. Therefore, the gait speedmeasured in our study is expected
to be slower than that measured in previous studies. The following
formulae can be used to make appropriate adjustment.
Previous studies reported formulae that can convert gait speed
over 2.5 m into gait speed over 4 m as follows5:
When 2.5 m gait speed  1.0 m/s, 4-m gait speed ¼ 0.01 þ (2.5 m
gait speed) (1.052)
When 2.5 m gait speed > 1.0 m/s, 4-m gait speed ¼ 0.481 þ (2.5 m
gait speed) (0.581)
Using this formula, the mean gait speed of the participants of
this study (0.66 m/s) is converted to 0.7 m/s, and it did not show
any signiﬁcant difference. However, the difference in the actual
methods of measurement is a limitation of this study, and the same
method used in previous studies might be required to accurately
compare the cutoff point of gait speed. However, although a
number of studies are ongoing actively, there is a lack of consensus
on the measurement of gait speed. The authors argue that the gait
speed inner 2.5 m may be more meaningful given the close living
quarters of older adults.5 Guralnik et al5 suggested that measuring
gait speed over 2.5 m is more meaningful considering the fact that
most elderly people reside at home, in a limited space. Second, K-
IADL could only be determined at 3-year intervals because the
Older Korean People Survey is performed every 3 years. This tem-
poral gap may incur the possibility of omitting some K-IADL de-
pendency. Third, most respondents in the Older People Survey
were interviewed through questionnaires. Therefore, some vari-
ables, such as history of fall, degree of exercise, drinking, and
smoking, may have been biased as they are recalled by the partic-
ipants. However, much of the bias may have been compensated for
by the professionally trained assessors who visited these people
and conducted the questionnaires and measurements at home.
Despite the limitations, this was the ﬁrst study to investigate the
optimal gait speed cutoff point as a predictor of IADL dependency in
Korean community-dwelling older people aged  65 years, andcould provide meaningful data for future cohort studies evaluating
serial IADL with further standardized measurement method.
5. Conclusion
The optimal gait speed cutoff point of older Korean people was
estimated through this study. The optimal cutoff point was 0.6 m/s,
and its speciﬁcity and speciﬁcity were both signiﬁcant. This was a
comparatively lower value than the gait speed of 0.8 m/s estab-
lished in a previous study.16 Therefore, the gait speed of 0.6 m/s
may be considered as the new screening standard that can predict
ADL in older Korean people aged  65 years.
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